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ABSTRACT
We present the discovery of the first high redshift (z > 5.7) quasar from the Panoramic Survey Telescope
and Rapid Response System 1 (Pan-STARRS1 or PS1). This quasar was initially detected as an iP1 dropoutout
in PS1, confirmed photometrically with the SAO Widefield InfraRed Camera (SWIRC) at Arizona’s Multiple
Mirror Telescope (MMT) and the Gamma-Ray Burst Optical/Near-Infrared Detector (GROND) at the MPG
2.2 m telescope in La Silla. The quasar was verified spectroscopically with the the MMT Spectrograph, Red
Channel and the Cassegrain Twin Spectrograph (TWIN) at the Calar Alto 3.5 m telescope. It has a redshift
of 5.73, an AB zP1 magnitude of 19.4, a luminosity of 3.8×1047 erg s−1 and a black hole mass of 6.9×109
M⊙. It is a Broad Absorption Line quasar with a prominent Ly-β peak and a very blue continuum spectrum.
This quasar is the first result from the PS1 high redshift quasar search that is projected to discover more than a
hundred iP1 dropout quasars, and could potentially find more than 10 zP1 dropout (z > 6.8) quasars.
Subject headings: Pan-STARRS1, (galaxies:) quasars: individual (PSO J215.1512-16.0417), (cosmology:)
early universe
1. INTRODUCTION
Quasars are massive black holes in the centers of galaxies
that have large accretion rates and correspondingly large lumi-
nosities (Rees 1984; Antonucci 1993; Kembhavi & Narlikar
1999). They can be up to one hundred times brighter than
their host galaxies (e.g. Villata et al. 2006) and can thus be
observed spectroscopically and analyzed in depth at higher
redshifts than galaxies without quasars. High redshift (z >
5.7) quasars are an essential tool for probing the early uni-
verse. Obtaining a statistically complete set of z ≈ 6 quasars
constrains early structure evolution and black hole forma-
tion (e.g. Jiang et al. 2008). Quasar spectra can be used
to probe the evolution of metal abundances (Freudling et al.
2003; Jiang et al. 2007; Kurk et al. 2007, 2009) . And by ob-
serving the Gunn-Peterson troughs (Gunn & Peterson 1965)
in the spectrum, one can put constraints on the neutral hy-
drogen fraction (HI) in the early universe (e.g. Becker et al.
2001; Fan et al. 2002; Fan 2006) and directly probe the end
of cosmic reionization.
Redshift ≈ 6 quasars’ usefulness as a probe of the early
universe has led to significant interest and several exten-
sive searches. Fan et al. (2001) first discovered them in
the Sloan Digital Sky Survey (SDSS, York et al. 2000).
Several searches in the last decade have found a total of
roughly 60 quasars at z ≈ 6(Fan et al. 2006; Jiang et al.
2008; Willott et al. 2010). Extrapolating the statistics from
Jiang et al. (2008) suggest that there are ≈ 450 redshift 6 <
z < 7, AB magnitude z < 21 quasars in the entire sky.
Quasar searches have been slow to extend the redshift range
of known quasars. Fan et al. (2001) included a z = 6.28 quasar
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and until 2011 subsequent searches only found quasars up to
z = 6.43 (Fan et al. 2003; Willott et al. 2007). This is to be
expected, as the main method of identifying z≈ 6 candidates
is as "i dropouts" observable in the SDSS (or other surveys’)
z′ filter, but is either not observable or very faint in the i′ band.
At high redshift, this large i′ −z′ color is due to the Ly-α break
at rest frame 1216 Åproducing a Gunn-Peterson trough. The
transition between the SDSS i′ and z′ band is at ≈ 8200 Å,
and the z′ band transmission drops markedly at wavelengths
greater than 9000 Å (Fukugita et al. 1996). This limits the
observation of quasars to the z < 6.4 redshift range in SDSS
and surveys with similar filter sets.
The UKIRT Infrared Deep Sky Survey (UKIDSS,
Lawrence et al. 2007) made using the United Kingdom In-
frared Telescope (UKIRT) is capable of finding quasars at
higher redshift than SDSS and similar surveys. The UKIDSS
Large Area Survey (LAS) will eventually cover 7500 deg2
of SDSS area in YJHK with average Y depth is 20.2.
Mortlock et al. (2008) have begun searching for quasars up
to z = 7.2 as z′ dropouts, sources detected in Y that are ei-
ther faint or undetected in SDSS z′. UKIDSS’s area and
depth will allow it to detect a handful of z = 7 quasars, and
Mortlock et al. (2011) recently reported their first detection.
In this paper, we discuss our z≈ 6 and z ≈ 7 quasar search
(Price et al. 2007) in the Panoramic Survey Telescope and
Rapid Response System 1 (PS1 Kaiser et al. 2002). In the
next section we discuss the PS1 dataset and why it is ideal for
searching for both z ≈ 6 and z ≈ 7 quasars. In section 3, we
explain how we currently select candidates, and how this se-
lection can become more efficient as the project matures. In
sections 4 and 5 we discuss the photometric and spectroscopic
follow up that is necessary to confirm our quasar candidates.
We present the first PS1 z≈ 6 quasar in section 6 and discuss
its implications in section 7.
2. THE PS1 DATASET
PS1 (Kaiser et al. 2002, 2010; Chambers 2011) is a 1.8 m
optical telescope with a 7 degree field of view that can im-
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Filter SDSS UKIDSS PS1 Exposure PS1 1 Year PS1 3 Year
u 22.3 – – – –
g 23.3 – 21.9 22.6 23.1
r 23.1 – 21.8 22.5 23.0
i 22.3 – 21.5 22.2 22.7
z 20.8 – 20.7 21.4 21.9
y/Y – 21.1 19.7 20.4 20.9
J – 20.9 – – –
H – 20.2 – – –
K – 20.2 – – –
TABLE 1
5σ Limiting AB Magnitudes of SDSS(York et al. 2000), UKIDSS LAS
(Lawrence et al. 2007; Hewett et al. 2006) and PS1 3pi (1 Year and 3 Year
stack results are predicted). Similarly named filters from different surveys
are not exactly the same.
age the sky in the gP1, rP1, iP1 and zP1 filters which cover the
4000< λ < 9200 spectral range similarly to the analogously-
named SDSS g′, r′, i′ and z′ filters. It also has a yP1 filter
which, including the spectral response of the camera, cov-
ers the 9200 < λ < 10500 range. The telescope is producing
several surveys including a solar system Near Earth Object
survey, a Stellar Transit Survey, a Deep Survey of M31, a
Medium Deep survey consisting of 11 PS1 footprints spaced
around the sky and a 3pi Survey which covers 3/4 of the sky in
all five bands (Chambers 2011). This final survey is the focus
of our quasar search as its unique areal coverage provides the
best opportunity to find z≈ 6 and z≈ 7 quasars. In the future,
the PS1 Medium Deep survey will also allow us to search for
fainter quasars, analogous to the faint quasar search in SDSS
Stripe 82 in Jiang et al. (2008)
The PS1 3pi survey takes four exposures per year with each
of the gP1rP1iP1zP1yP1 filters. The yearly fill factor is roughly
between 90% and 95% in each band. The missing area is
due mostly to non-detection areas on the camera plane and
weather restricting us to 2 or rarely 0 exposures in some ar-
eas of the sky. Individual gP1rP1iP1zP1yP1 exposures have me-
dian 5σ limiting AB magnitudes of 21.9, 21.8, 21.5, 20.7
and 19.7, respectively. These are median results of the last
year of telescope performance, and recent hardware and soft-
ware improvements have improved limiting magnitude by up
to 0.3 magnitudes. Stacked images are not yet available, and
the work presented here is based on single exposure detec-
tions. However, when stacks are made, we expect a single
year’s stacked image to increase each limiting magnitude by
approximately 0.7 (accounting for some survey incomplete-
ness), and the stacks of the proposed three year duration of
the survey to increase them by 1.2. We see in Table 1 that
in the iP1zP1 bands, which are critical for detecting z > 5.7
quasars, PS1 will probe deeper than the SDSS. At 30000 deg2
(minus approximately 4000 deg2 since we do not search for
quasars in the galactic plane), PS1 is also significantly larger
than SDSS DR8 (14000 deg2) and the UKIDSS LAS (7500
deg2). Finally, the PS1 zP1 images are significantly redder
than the SDSS z′ images, because the PS1 camera has a much
higher efficiency in the λ ≈ 9000 region. This should allow
us to find redder i dropout quasars than could be found with
SDSS.
This huge area and depth in the red bands will enable
searches for many z > 5.7 quasars. Fan et al. (2006) found 19
i′ dropout quasars in 6600 deg2. PS1 probes a half magnitude
deeper in iP1 and covers nearly four times the searchable area.
If we assume a quasar luminosity function of Φ(L)∝ L−3, we
expect to find≈ 200. Analogously, the PS1 area and zP1 depth
will allow us to find several times as many quasars as the 7500
deg2 UKIDSS LAS in which Venemans (2007) expects to find
approximately 10 z> 6.5. PS1 does not have JHK bands that
UKIDSS uses to select quasars, so it is difficult to estimate
exactly how much more efficient the zP1 depth will make the
PS1 search.
3. CANDIDATE SELECTION
PS1 is a young survey and neither its catalogs nor its im-
ages exist in their final form. Our current method of selecting
candidates will change as the data and image processing is
improved. We will thus describe how we currently find candi-
dates and how we plan to do so when the PS1 stacked imaging
and catalogs have been produced.
Currently, we require sources be detected twice in their de-
tection band (yP1 for zP1 dropouts and zP1 for iP1 dropouts).
The 3pi survey takes either 2 or 4 exposures of every part
of the sky in each band every year, so this requirement does
not reduce our effective survey area significantly. We require
that these two detections not be flagged as cosmic rays, satu-
rated pixels, defects, blended sources or other suspicious en-
tities. We also require that the sources be either 1.5 magni-
tudes fainter or undetected in all bluer bands. In the future,
we will raise this dropout requirement to 2 magnitudes to ex-
clude brown dwarfs and other contaminants, but in the first
run we were interested in characterizing our false detections.
We require that candidates be fainter than AB magnitude 18.5
in their detection band (the z′ magnitude of the brightest SDSS
i′ dropout). This eliminates some extra spurious sources near
bright galaxies and stars. For iP1 dropouts, we require that
they be brighter than zP1 = 20.5, since a huge number of faint
iP1 − zP1 < 1.5 objects will be undetected in bluer bands. We
also require that objects be more than 10 degrees away from
the galactic equator to avoid confusion by galactic stars and
most galactic reddening.
When we performed this search, the PS1 database did not
differentiate between sources that are covered by good imag-
ing in a band but not detected in that band and sources that
are not covered by good imaging (or any imaging). The vast
majority of apparent dropout were simply not imaged in bluer
bands. We eliminated false candidates by requiring that they
be within the circular approximation of at least one exposure
in every filter. We also require a dropout band detection (even
a defect or cosmic ray) within 5" of our source to ensure that
there is data coverage in the immediate area of the detection.
When the data is ultimately stacked, we will have a magnitude
or limiting magnitude in every filter at every point and this
step will be unnecessary. Finally, we made sure that each can-
didate has no neighbor (excluding defects and cosmic rays)
within 2" in any band bluer that was less than 0.5 magnitudes
dimmer than the candidates in the detection band. This last
requirement eliminated sources whose blue detections were
not matched to their red detections by the PS1 software. This
left 105 sources, a small enough number to study at the pixel
level.
At the time of this writing, PS1 has just begun producing
3pi stacked images and corresponding catalogs which assign a
limiting magnitude to sources that are not detected in a given
filter and indicate which sources are only imaged in some
bands. In addition, a second year of data is already filling in
the areas which were not covered due to chip gaps and other
holes in our images. So the number of false positives at this
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stage is decreasing exponentially.
We obtained postage stamps of the 105 candidates which
passed catalog level filtering from the Postage Stamp Server
maintained by the PS1 Image Processing Pipeline team at the
Institute for Astronomy. For each candidate, we obtained 24"
postage stamps of every exposure from the dropout band and
detection band. We produce weighted mean stacks of these
exposures and performed forced photometry on each stacked
image. Approximately half of all candidates were in small im-
age gaps in the detection band. We automatically eliminated
all sources which were not detected in the detection band with
less than 0.15 magnitude uncertainty in our postage stamp
stacks. This cut was judged, by eye, to be complete for real
sources. Approximately half of the candidates were satura-
tion defects not spotted by the PS1 pipeline. We required that
sources be 1.5 magnitudes fainter in the dropout band than in
the detection band if they are detected or have a 5σ limiting
magnitude 1.5 magnitudes greater than the detection magni-
tude. We also required that sources have 80% of their PSF flux
imaged by good pixels to ensure that they are not chip edge or
other artifacts. In cases where an object had been imaged in
the detection band on two nights, we eliminated sources that
were detected one night but not on another night of sufficient
depth.
Finally, we examined the stacks and individual exposures
of the remaining 3×103 sources by eye. At this level, we
eliminated cosmic rays that the software missed, marginal de-
tections and artifacts registered as sources. There were ap-
proximately 103 candidates over the half of the 3pi we exam-
ined. We prioritized our follow up candidates based on the
reliability of the detection, the size of the color difference and
observability from the observation site. So far, we have per-
formed some follow up on ≈ 200 quasars.
4. CANDIDATE FOLLOW UP: PHOTOMETRY
We require more information than PS1 gives to confirm a
candidate. In individual exposures, most z > 5.7 quasars will
be near the PS1 detection limit, and it is difficult to reject
asteroids which are detected in the detection band but have
moved when that area is covered by other bands, so simply
confirming the existence of a candidate is important. In ad-
dition, brown dwarfs and other red objects can have similar
PS1 colors to high redshift quasars (Fan 1999), so obtain-
ing deeper izy photometry for iP1 dropouts and zyJ photom-
etry for zP1 dropouts is essential to remove false detections.
We confirm our candidates with photometry and spectroscopy
from small telescopes before moving on to the more expensive
spectroscopy necessary for deeper analysis.
Initially, we planned to confirm candidates using the Calar
Alto 3.5 m telescope and the Omega 2000 camera with the
Y and J filters in spring 2011. Unfortunately, the telescope
was offline due to a mechanical failure for a period of many
months that included our observation time. We obtained five
nights of time, 2011 February 16-20, with MMT SWIRC. For
each source, we took nine 30 second exposures in Y band.
This initial sample of sources was chosen to aggressively
probe very faint sources, allowing for some false detections
as a result of statistical noise. In addition, we did not account
for moving solar system objects in our search. Only 23 of the
100 sources we followed up on were confirmed. This was to
some degree expected, as coincident noise peaks and slow-
moving objects which can be detected twice on one night are
both plentiful in our large dataset. This work helped us un-
derstand how to select sources efficiently near our limiting
magnitude.
We used GROND, a grizJHK simultaneous imager at the
2.2 m telescope in La Silla, to obtain colors of the confirmed
candidates from our MMT run and 61 additional candidates.
The observations occupied roughly 40% of a ten night obser-
vation period, 2011 March 4-13. Each object was observed
using am instrument standard "8 minute observation block" in
which the infrared images get a total of eight minutes expo-
sure time in the optical bands get slightly more (Greiner et al.
2008). We detected 48 of 62 sources, but found that most of
them were less red than they had appeared in PS1. This was
expected, since our typical PS1 colors have uncertainties of
a few tenths, and we find many common bluer objects which
randomly appear red in our PS1 observation. We did find one
very promising candidate (finding chart in Fig. 1 and multi-
filter imaging in Fig. 2), PSO J215.1512-16.0417 (at J2000
215.1512, -16.0417 or 14h20m36.3s, -16◦02m30.2s). It had
iGROND-zGROND = 2.06 and zGROND-JGROND = 0.60 (complete
photometry in Table 2). Unfortunately, this source was lo-
cated near a chip gap in the GROND K detector, preventing
us from reducing the K band image and obtaining accurate K
photometry. Using individual K exposures, we were only able
to set a limiting magnitude of approximately K > 17 for this
source.
FIG. 1.— The finding iP1 band finding chart of PSO J215.1512-16.0417
(located at J2000 215.1512, -16.0417 or 14h20m36.3s, -16◦02m30.2s) with a
guide star at 215.1258, -16.0358 or 14h20m30.2s, -16◦02m09.1s.
We reduced the data using IRAF5 routines. Images were
processed with pipelines developed for this purpose by our
group. Individual frames were bias and dark subtracted and
flat-fielded. Median sky images, created by stacking individ-
ual exposures without realignment, were scaled to the median
counts in each frame and subtracted. Images were then re-
aligned and combined. The astrometric solution was com-
puted using the Astrometry.net software (Lang et al. 2010).
5 IRAF is distributed by the National Optical Astronomy Observatories,
which are operated by the Association of Universities for Research in As-
tronomy, Inc., under cooperative agreement with the National Science Foun-
dation.
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FIG. 2.— The stacked postage stamps of PSO J215.1512-16.0417 (located
at J2000 215.1512, -16.0417 or 14h20m36.3s, -16◦02m30.2s) in iP1 (top) zP1
(middle) and yP1 (bottom) on the left and the follow up images in iGROND (top)
zGROND (middle) and JGROND (bottom) on the right. Each stamp includes AB
magnitude and 5σ limiting magnitude.
Filter AB Magnitude
gGROND < 22.51
rGROND < 22.57
iGROND 21.72 ± 0.17
zGROND 19.66 ± 0.05
YSWIRC 18.77 ± 0.06
JGROND 19.06 ± 0.08
HGROND 19.34 ± 0.14
TABLE 2
GROND and SWIRC AB photometry of PSO J215.1512-16.0417 with
statistical error bars or 5σ limiting magnitudes (where applicable). The y
magnitude is SWIRC. All others are GROND.
Photometric zero points were computed by comparing instru-
mental magnitudes of field stars with the values reported in
the 2MASS (Skrutskie et al. 2006) and PS1 databases. Typi-
cal photometric uncertainties were ∼ 0.05 mag.
5. CANDIDATE FOLLOW UP: SPECTROSCOPY
We had spectroscopic follow up time with both the MMT
Red Channel Spectrograph (2011 March 12-13) and the Calar
Alto TWINS (2011 April 9-12). We used a 1" slit at MMT
and a 1.5" slit at Calar Alto. We examined PSO J215.1512-
16.0417 and 13 others which had a less dramatic dropout
color and were thus less likely to be quasars. The major-
ity of these candidates were iP1 dropouts which we had not
examined with GROND. We confirmed that our most likely
candidate was indeed a quasar (as we discuss in Section 6).
We tentatively identified the other candidates as M, L and T
dwarfs as well as three galaxies with particularly bright emis-
sion lines in our observation band, and have performed no
additional follow up on them.
Finally, we used the LBT NIR Spectroscopic Utility with
Camera and Integral-Field Unit for Extragalactic Research
(LUCI) at the Large Binocular Telescope (LBT) to measure
the near IR spectrum of our quasar and estimate the contin-
uum power law on 2011 May 28. We used a 1" slit.
Optical spectroscopic data were reduced using standard
IRAF tools. After bias subtraction and flat-field correction,
we aligned exposures by matching the position on the slit of
bright field sources. Frames were combined using the crre-
ject algorithm to get rid of cosmic rays. Wavelength cal-
ibration was achieved through the acquisition of He/Ar arc
spectra, and compared with the observed sky emission lines
(mainly OH) to correct for instrument flexure. Typical un-
certainties in the wavelength calibration are ∼ 0.2 Å over the
observed range. Spectra of spectrophotometric standard stars
were collected, in order to perform relative flux calibration.
LUCI observations were collected using the standard nod-
ding technique for NIR spectroscopy. Data were reduced
using our own IRAF-based pipeline. Differences between
frames in A and B position were computed in order to achieve
optimal sky subtraction. We aligned and stacked the A-B
and B-A frames independently, applied wavelength calibra-
tion then extracted and combined the resulting 1D spectra.
Dispersion solution is computed from the OH lines observed
on the target spectra. Correction for telluric absorption and
flux calibration were achieved by comparing the spectrum of
the telluric standard Hip71451 with the model of the model
spectrum of a B9 star6. Absolute flux calibration for both op-
tical and NIR spectra was performed by scaling them to match
the GROND photometry in z or J. GROND was in turn cali-
brated to 2MASS.
6. THE FIRST PS1 HIGH REDSHIFT QUASAR
PSO J215.1512-16.0417, the candidate we identified as our
most likely quasar (and not coincidentally the first candidate
we observed spectroscopically) was confirmed as a quasar at
MMT and Calar Alto. We present the spectrum from each
observatory and the PS1 filter curves in Fig. 3. Comparing
the spectra to the filter curves, we see that if this object were
at significantly lower redshift, it would have had significant
iP1 flux and would not have been detected as an iP1 dropout.
In Fig. 4 we include the LBT NIR spectrum and compare it
to the GROND photometry.
We analyze this quasar in figures 5 and 6. We use the long
infrared/optical baseline that our MMT and LBT spectra pro-
vide in Fig. 5 to find that our continuum is well fit by a λ−3.05
power law, much bluer than the SDSS z ≈ 6 average of 1.3
(Vanden Berk et al. 2001). This estimate was made using the
non-emission region around 1420 Å from the MMT spectrum
and the entire LBT spectrum following De Rosa et al. (2011)
(the exponent has statistical error of 0.05)
Having modeled the continuum, we fit the Ly-α, N V, Si II,
O I, and C II lines as Gaussians, masking high absorption re-
gions where appropriate. We fit Ly-αN V Si II simultaneously
because they separated by less than a FWHM. But the other
peaks are fitted independently. See Table 3 for details. We
do not fit the Si IV-O IV complex at 1400 Å because of broad
absorption features. The Ly-α peak is only a marginal detec-
tion and is several Å from its expected location. This and a
small Si IV absorption at observer 9250 Å (see Fig. 3) leads us
to believe that this quasar is a Broad Absorption Line (BAL)
quasar. We thus refit the Ly-α-N V-Si II, fixing the Ly-α peak
using the O I redshift. We present both the "free" (non-BAL)
and "fixed" (BAL) results. For the remainder of this paper, we
6 http://www.eso.org/sci/facilities/paranal/instruments/isaac/tools/lib/index.html
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FIG. 3.— The spectra of quasar PSO J215.1512-16.0417 obtained by MMT
(top) and Calar Alto (Middle) as well as the PS1 iP1zP1yP1 filter curves (bot-
tom).
FIG. 4.— The observer frame MMT (green) and LBT spectra (blue) of PSO
J215.1512-16.0417 with GROND photometry measurements indicated (top).
The bottom panel shows the PS1 and six observed GROND filter curves.
use values consistent with the BAL assumption.
We estimate the redshift to be 5.7321 ± 0.0065 using the
O I line in Fig. 6, which is our most statistically robust emis-
sion line. Using the "fixed" fit, the lines have a measured
redshift scatter of 0.02 (see Table 3), which represents the as-
trophysical systematic uncertainty. If we refit our peaks with
the (SDSS average) λ−1.3 power law continuum, the redshifts
only shift by 0.004, so our dominant source of uncertainty ap-
pears to be astrophysical. Our final redshift estimate is 5.73
± 0.02.
FIG. 5.— The rest frame MMT and LBT spectra of PSO J215.1512-16.0417
(black), continuum-Balmer-iron model (red, see Kurk et al. (2007) for de-
tails) and continuum fit (dotted). We compare it to the SDSS average high
redshift quasar spectrum (green) from Vanden Berk et al. (2001).
FIG. 6.— The rest frame MMT spectrum of PSO J215.1512-16.0417 fitted
with pertinent emission lines (excluding Ly-β) and continuum. We present
the BAL model in which the Ly-α wavelength is fixed (gray) and the model
in which the Ly-α wavelength is free (black).
We have no Mg II or C IV line in our spectrum and cannot
measure our quasar’s black hole mass and bolometric lumi-
nosity in the most precise way. Instead, we measure the flux
at 1350 Å is 1.89×10−16 erg Å−1 cm−2 s−1. Multiplying by
4piD2Lλ yields a monochromatic luminosity of 9.5×1046 erg
s−1. We multiply this by the bolometric coefficient of 3.81
from Richards et al. (2006), to obtain a bolometric luminos-
ity of 3.8×1047 erg s−1 with 0.2 dex of uncertainty. This in
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Line λpeak z Flux FWHM EW
Å 10−15ergcm−2s−1 Å Å
Ly-α (free) 1231 ± 18 5.810 ± 0.098 15 ± 12 33 ± 20 107 ± 83
N V (free) 1244.97 ± 0.89 5.7465 ± 0.0048 0.38 ± 0.43 6.5 ± 4.0 2.5 ± 2.9
Si II (free) 1268.49 ± 0.97 5.7554 ± 0.0051 1.26 ± 0.32 13.1 ± 2.0 8.0 ± 2.0
Ly-α (fixed) 1215.67 5.7321 38 ± 17 44.4 ± 5.5 280 ± 130
N V (fixed) 1245.36 ± 0.39 5.7567 ± 0.0022 0.23 ± 0.15 2.9 ± 1.4 1.5 ± 1.0
Si II (fixed) 1267.21 ± 0.59 5.7567 ± 0.0032 1.14 ± 0.20 12.7 ± 1.6 7.3 ± 1.3
O I 1306.9 ± 1.3 5.7321 ± 0.0065 1.24 ± 0.25 22.1 ± 3.7 7.4 ± 1.4
C II 1339.50 ± 0.72 5.7452 ± 0.0036 0.43 ± 0.11 9.4 ± 2.1 2.35 ± 0.64
TABLE 3
Emission Line Peaks from PSO J215.1512-16.0417. All error bars are statistical. We include the fitted central wavelength, integrated flux, line width, FWHM,
and equivalent width. Because of the (likely) broad absorption feature, we fit the Ly-α-N V-Si II complex with a free Ly-α peak and a Ly-α with a peak fixed by
the O I redshift measurement.
turn corresponds to an Eddington Mass of 2.9×109 M⊙. In
an analysis of the complete set of SDSS high redshift quasars,
De Rosa et al. (2011) find that bright (L> 1047) z≈ 6 quasars
have typical Eddington ratios of 0.43 with 0.2 dex dispersion.
We thus estimate our black hole mass to be 6.9×109 M⊙ with
0.3 dex uncertainty.
When we compare PSO J215.1512-16.0417 to other z ≈ 6
quasars (Fig. 7), we see that it has at least three interesting
features. First, it appears to be BAL quasar which some stud-
ies have found is true of only 10% of all quasars (Trump et al.
2006). In addition, PSO J215.1512-16.0417 has a very bright
Ly-β peak that will allow us to more precise study the hy-
drogen absorption along the line of sight in the future. PSO
J215.1512-16.0417 is also one of the bluest known at this red-
shift. A more complete analysis and comparison of quasars
will be described in De Rosa et al. (2011).
FIG. 7.— Comparison of PSO J215.1512-16.0417 to SDSS z ≈ 6 quasars.
7. DISCUSSION AND CONCLUSIONS
PSO J215.1512-16.0417 is a very blue, (likely) BAL quasar
with a prominent Ly-β peak that demonstrates the ability of
PS1 to find z ≈ 6 quasars. We expect to find 100s of iP1
dropouts that will allow us to make a statistically precise mea-
surement of the z ≈ 6 universe. The survey also offers the
exciting prospect of extending our measurements of Gunn-
Peterson troughs, emission and absorption lines, and black
holes masses to the z = 7 regime.
Continued development of PS1 survey, hardware and soft-
ware as well as our experience regarding follow up observa-
tions will greatly increase our efficiency. At the time of our
initial candidate selection, the iP1zP1 and zP1yP1 overlap re-
gions were only a few thousand square degrees. In addition,
several improvements to the PS1 telescope have decreased the
background levels and FWHMs, increasing the limiting mag-
nitude by significantly. As PS1 finishes its first year, the data
processing software has been (tentatively) finalized and many
false positives in the database have been eliminated. This will
allow us to examine more candidates. In addition, PS1 has
recently begun producing stacked data which should add 0.7
magnitudes to the limiting magnitude and allow us to discrim-
inate between sources which were not imaged in a band and
sources which were imaged but too faint to be detected. Fi-
nally, our follow up observations have emphasized the neces-
sity of obtaining deep izy observations for iP1 dropouts and
deep zyJ observations for zP1 dropouts.
PSO J215.1512-16.0417 is our first glimpse into a bright
future z > 5.7 discovery with PS1. With this survey we ex-
pect to vastly extend the statistical power and redshift range
of high redshift quasar studies. The fact that we were able
to find an interesting quasar so early in the project, while the
survey was incomplete, processing software was incomplete,
hardware had not yet been fine-tuned and stacked images had
not been made demonstrates how powerful a tool PS1 will be
for finding quasars in the early universe.
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